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Purpose: The aim of this study was to determine the effect of overlaying titanium mesh 
(TM) with an adjunctive collagen membrane (CM) for preserving the buccal bone when 
used in association with immediate implant placement in dogs.
Methods: Immediate implant placements were performed in the mesial sockets of the third 
premolars of five dogs. At one site the TM was attached to the fixture with the aid of its 
own stabilizers and then covered by a CM (CM group), while the contralateral site received 
only TM (TM group). Biopsy specimens were retrieved for histologic and histomorphometric 
analyses after 16 weeks.
Results: All samples exhibited pronounced buccal bone resorption, and a high rate of TM 
exposure was noted (in three and four cases of the five samples in each of the TM and CM 
groups, respectively). A dense fibrous tissue with little vascularity or cellularity had infil-
trated through the pores of the TM irrespective of the presence of a CM. The distances be-
tween the fixture platform and the first bone–implant contact and the bone crest did not 
differ significantly between the TM and CM groups.
Conclusions: Our study suggests that the additional use of a CM over TM does not offer 
added benefit for mucosal healing and buccal bone preservation.
Keywords: Bone regeneration, Bone resorption, Dental implants, Postoperative complications, 
Tooth extraction.
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INTRODUCTION
Immediate implantation has many benefits for both patients and clinicians with respect 
to reducing treatment time and the number of surgeries required. However, following tooth 
extraction, the thin buccal bone follows a natural remodeling process irrespective of the 
presence of an implant, and so various ridge-preservation procedures have been attempted 
[1,2]. To date there has been no consensus regarding the choice of biomaterial for immedi-
ate implant placement due to the heterogeneous methodology and outcomes of previous 
studies [3-5].
One rationale for using biomaterial around dental implants is to stabilize the blood clot 
[6,7], the initial stability of which may be critical for the healing around the periodontium 
and implant because of the many indwelling cytokines and growth factors in the blood 
clot [8,9]. In this context, in order to optimize wound healing, the focus should be on clot 
stabilization rather than the details of the biomaterial used.
Periosteal harnessing has been investigated with the aim of enhancing healing [10]. The 
inner cambium layer of the periosteum is rich in cellular components, including osteoblasts 
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[11]. It has been speculated that the numerous pericytes in the 
abundant vasculature of the periosteum are a source of osteopro-
genitor cells [12]. Thus, titanium mesh (TM) is a potential tool for 
maintaining the osteogenic potential of the periosteum at the site 
where regeneration is required. However, the concept of guided 
bone regeneration requires that the biomaterials used should be 
protected or play a physically protective role against the overlying 
soft tissues [13]. In clinical and preclinical studies, only limited 
bone regeneration and infiltration of soft tissue has been observed 
when a cell-occlusive barrier membrane is not used [14-17].
Lim et al. [18] installed a TM only, with immediate implant place-
ment and observed no evidence of bone regeneration in most sam-
ples. Although they reported a high rate of TM exposure (at four of 
five sites), TM was suspected to be insufficient for maintaining clot 
stability due to the presence of pores, and the authors suggested 
that a system with cell-occlusive properties is required. In this re-
spect, the addition of a barrier membrane could be advantageous; 
the presence of a soft-tissue layer beneath the TM in previous 
studies [19-21] and the lack of evidence of mineralization in that 
layer [22] highlight the need for such an additional barrier. Fur-
thermore, when barrier membranes are used in conjunction with 
TM for placing implants in deficient ridges, complete bone filling is 
observed [23,24].
The aim of this study was to determine the effect of placing an 
additional collagen membrane (CM) over a TM for preserving the 
buccal bone in association with immediate implant placement in 
dogs. We used the CM to confer an occlusive property on the TM, 
and suspected that the CM would also enhance clot stability and 
tissue healing due to its tissue-friendly nature.  
MATERIALS AND METHODS
This study was approved by the bioethics committee for animal 
selection, management, surgical protocol, and preparation at the 
Yonsei Medical Center, Seoul, Korea. Five male beagle dogs (weigh-
ing 10–12 kg) were used that were generally healthy, with a 
healthy periodontium.
Study design
Sample-size calculation and group allocation were conducted as 
per a previous study [18]. In brief, the histomorphometric results by 
Araújo et al. [3] were used as a reference, and five dogs were re-
quired to achieve 80% power at a two-sided alpha level of 0.05%. 
The mesial sockets of the third premolars in both mandibular quad-
rants were used as recipient sites. The quadrant for CM coverage 
was selected randomly in the first experimental animal by an inde-
pendent investigator and then assigned alternately for the remain-
ders. After implant placement in both sockets, one socket received 
placement of TM only (TM group, n=5), while the TM was covered 
with a CM in the contralateral socket (CM group, n=5).
Animal experiments
Details of the animal surgery are described elsewhere [18]. In 
brief, a subcutaneous injection of atropine (0.05 mg/kg; Kwang-
myung Pharmaceutical, Seoul, Korea), and a subsequent intrave-
nous injection of a combination of xylazine (Rompun, Bayer Korea, 
Seoul, Korea) and Zoletil (Virbac, Carros, France) were used to in-
duce general anesthesia. Anesthesia was maintained throughout 
surgery via inhalation of enflurane (Gerolan, Choongwae Pharma-
ceutical, Seoul, Korea). In addition, local anesthesia was applied to 
the surgical sites.
Sulcular incisions and two vertical incisions were performed me-
sially and distally in the second and third premolar areas. The pre-
molars were extracted cautiously by hemisectioning of the teeth 
without damaging the surrounding bone. The thicknesses of the 
buccal and lingual bone were measured at 1 mm below the level 
of the ridge crest. A fixture (3.5 mm×8.5 mm; IS type, Neobiotech, 
Seoul, Korea) was placed leaning against the lingual wall; the final 
vertical position of the fixture platform was 1 mm below the buc-
cal bone crest. The distance between the outer cortex of the buc-
cal bone and the implant surface at the top of the platform was 
measured (Table 1).
After implant placement, the TM (CTi-mem A1 type, Neobiotech, 
Seoul, Korea) was bent to fit the outline of the buccal bone and 
then installed using stabilizers (spacers and caps). For the CM 
group, a small hole was made adjacent to one side of a CM (Bio-
Gide, Geistlich, Wolhusen, Switzerland) using a rubber dam punch, 
and the membrane was fixed to the TM with stabilizers, covering it 
completely (Fig. 1). The flaps were fully released by periosteal re-
leasing incisions on the buccal and lingual flaps, and primary flap 
closure was readily achieved using interrupted sutures (4-0 Mono-
syn, Aesculap, B-Braun, Center Valley, PA, USA).
Antibiotic (cefazoline, 20 mg/kg; Yuhan, Seoul, Korea) was ad-
ministered intramuscularly for three days postoperatively and 
wounds were disinfected daily. Animals were provided with a soft 
diet for the entire 16-week healing period, after which they were 
Table 1. Histometric Measurements (mm; mean±SD)
PB(B) PB(L) PC(B) PC(L) GAP(B) GAP(L)
CM (n=5) 3.60±1.25a) 0.79±0.52 3.60±1.25a) 0.62±0.68 0 0.16±0.09
TM (n=5) 3.54±2.00a) 1.05±0.85 3.85±2.22a) 0.88±1.10 0 0.25±0.31
a)Statistically significant difference between the buccal and lingual aspects (P<0.05).
CM, titanium mesh and overlaying collagen membrane; TM, titanium mesh; PB, vertical distance between the fixture platform and the most coronal level of bone–implant contact 
level; P–C, vertical distance between the fixture platform and alveolar bone crest; (B), buccal; (L), lingual.
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euthanized by an overdose injection of pentobarbital sodium (90–
120 mg/kg).
Histologic preparation
Bone blocks containing each experimental group site were har-
vested and immersed in 10% neutral buffered formalin solution, 
then dehydrated with ethanol solutions and embedded in resin. 
The specimens were sectioned buccolingually (Exakt, Apparatebau, 
Norderstedt, Germany), and the central sections were selected, re-
duced to a final thickness of about 20 µm, and then stained with 
hematoxylin-eosin.
Histologic and histomorphometric analyses
Histologic and histomorphometric observations were made with 
the aid of a stereomicroscope (MZFLIII, Leica, Wetzlar, Germany) 
and light microscope (DM-LB, Leica). Images of the histologic speci-
mens were captured (cellSens Standard 1.11, Olympus, Center Val-
ley, PA, USA) and histomorphometric analysis was conducted using 
an image-processing system (Image-Pro Plus, Media Cybernetics, 
Silver Spring, MD, USA). In line with a previous study [18], the fix-
ture platform (P) was selected as a reference level (Fig. 2). From the 
level (P), vertical distances to the most-coronal level of bone–im-
plant contact (B) and the alveolar bone crest (C) were measured on 
both the buccal [PB(B), PC(B)] and lingual sides [PB(L), PC(L)]. The 
width of the remaining horizontal gap at the level of C (GAP) was 
measured on both the buccal and lingual sides; GAP(B) and GAP(L).
Statistical analysis
Histologic specimens were examined twice with an interval of 
three weeks by one experienced examiner (H.C.L.) in a blind manner. 
The intraexaminer reliability was defined by the intraclass correla-
tion coefficient (ICC). The calculated ICC was 0.999 with P<0.001. 
Histomorphometric results are presented as mean±SD values. Non-
parametric evaluation was performed due to the small sample size. 
The Wilcoxon signed-rank test was used to assess statistical signifi-
cance, and the null hypothesis was rejected at P<0.05 (SPSS 20.0, 
Chicago, IL, USA).
A B C
Figure 1. Clinical photographs of the surgery. (A) The implant was installed after extraction. (B) A ready-made titanium mesh (TM) and its stabilizer were affixed 
to the fixture (TM group). (C) The collagen membrane (CM) fully covered the TM (CM group). B, buccal; L, lingual.
Figure 2. Illustration of the measurements, indicating the vertical distances 
between the fixture platform (P) and the most-coronal level of bone–implant 
contact (B), and between P and the level of the alveolar bone crest (C), and 
the width of the horizontal defect at the level of C (GAP).
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RESULTS
Clinical findings
After 16 weeks of healing, three of the five sites in the TM group 
and four of the five sites in the CM group exhibited varying degrees 
of TM exposure, generally extending from the gingival crest to the 
buccal side. In addition, plaque accumulation was observed on the 
surface of the TM. However, none of the implants were lost or mo-
bile. The gingival tissues around the exposed TM exhibited a tube-
like morphology and slight redness. In the nonexposed sites, the 
stabilizer could be seen through the thin gingiva. No sites presented 
with severe adverse signs such as pus discharge or an allergic reac-
tion (Fig. 3).
Histologic and histomorphometric analyses
All implants became integrated with mature bone and the TM re-
mained affixed to the implant by stabilizers. Compared with the 
corresponding lingual wall, the buccal walls were markedly resorbed 
in all samples, irrespective of the presence or absence of TM expo-
sure. No residual CM could be detected over the TM, even in the 
unexposed site. A soft-tissue layer was generally observed under the 
TM, and a void could be seen in some exposed specimens (Fig. 4).
Histomorphometric data obtained after 16 weeks of healing are 
presented in Table 1. There was no statistically significant difference 
in PB(B) (3.5±2.0 mm vs. 3.6±1.3 mm) or PC(B) (3.9±2.2 mm vs. 
3.6±1.3 mm) between the TM and CM groups. However, PB(B) and 
PC(B) were significantly greater than PB(L) and PC(L), respectively, in 
both groups (P=0.043 for all). In terms of GAP, there was almost no 
discernible residual defect on the buccal side. GAP did not differ sig-
nificantly between groups or between the buccal and lingual sides.
The gingival and connective tissues were observed to project 
into the space through the pores of the TM. A void was occasion-
ally observed immediately below the TM. The tissue fibers appeared 
to wrap around the mesh through pores near the TM. The orienta-
tion of the fibers adjacent to the fixture was generally parallel to 
the fixture surface. In some samples the fibers were aligned per-
pendicular to the fixture surface. The infiltrated tissue was dense 
and fibrotic, like scar tissue. Few blood vessels were observed (Figs. 
5 and 6).
 
DISCUSSION
The presence of pores in TM may influence wound healing, but 
this has yet to be confirmed. The pores may act as pathways for 
transferring osteogenic potential from the periosteum [19,25]. Un-
der this assumption, full or partial contact between the periosteum 
and the underlying bone substitute or blood coagulum would be 
expected to enhance bone regeneration. However, it may alterna-
tively be detrimental to bone regeneration, since the space beneath 
the TM can become occupied by soft tissue infiltrating through its 
pores before the bone can regenerate [14].
In the present study it was expected that an adjunctive CM over-
A B C D
Figure 4. Photomicrographs of exposed sites in the TM group (A) and CM group (B), and of nonexposed sites in the TM group (C) and the CM group (D). The 
buccal walls were significantly resorbed in all samples, irrespective of the presence or absence of TM exposure. Hematoxylin-eosin stain; scale bars=2 mm.
Figure 3. Clinical photographs taken after 16 weeks of recovery. (A) A nonex-
posed site. (B) An exposed site. Gingival tissues around the exposed TM ex-
hibited mucosal deformity with slight redness. In the nonexposed sites, the 
gingiva above the stabilizer became thin. B, buccal; C, Lingual.
A B
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laid upon TM could occlude the pores to exclude the unwanted 
soft tissue. Moreover, enhanced mucosal healing was anticipated 
due to the tissue-friendly nature of the CM. For close adaptation 
and minimization of mobility, the CM was affixed to the custom-
ized TM by the stabilizer through the small hole made by punching. 
However, a high rate of TM exposure was noted, irrespective of the 
adjunctive CM, and the buccal bone beneath the TM underwent a 
resorptive remodeling process in both the TM and CM groups.
The placement of an adjunctive cell-occlusive barrier can be 
beneficial for minimizing the formation of an unwanted tissue lay-
er. Assenza et al. [23] used TM with an expanded polytetrafluoro-
ethylene (e-PTFE) membrane and observed no residual bone de-
fects, and their histologic examination revealed the new bone to 
be in close contact with the TM. A resorbable membrane was also 
A B C
Figure 5. Photomicrographs of a nonexposed site in the TM group. (A, B) Polarizing photomicrographs. (B, C) Higher magnification views of the boxed area in A. 
The tissue fibers appeared to infiltrate through pores and wrap around them. Hematoxylin-eosin stain; scale bar (A)=2 mm, (B, C)=500 μm, respectively. G, 
gingival tissue; P, pore; V, void; PS, pseudoperiosteum; arrow, the most-coronal level of bone-implant contact. 
A B C
Figure 6. Photomicrographs of a nonexposed site in the CM group. (A, B) Polarizing photomicrographs. (B, C) Higher magnification views of the boxed area in A. 
Collagen membrane did not prevent the infiltration of tissue fiber through the pores. Hematoxylin-eosin stain; scale bar (A)=2 mm, (B, C)=500 μm, respective-
ly. G, gingival tissue; P, pore; PS, pseudoperiosteum.
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used with TM by Degidi et al. [24]. While these authors similarly re-
ported significant bone regeneration, their histologic observations 
were somewhat different: the TM was surrounded by a dense con-
nective tissue with few cellular components, and new bone in close 
contact with the TM was observed in only a few areas. In the non-
exposed specimen of the present study, the space under the TM 
was largely filled with dense fibrous tissue, which in accordance 
with our previous findings contained few blood vessels or cellular 
components [18]. The reason for these histologic differences be-
tween the studies is unclear, but they may be due to variations in, 
and possible imbalance between, the rates of bone formation and 
dissolution of the CM.
Some authors have proposed that primary flap closure is not cru-
cial in ridge-preservation procedures [26,27], following observations 
that in nonmolars and molars, intentional membrane exposure and 
secondary healing did not reduce bone fill [26,27]. Moreover, mem-
brane exposure after ridge preservation does not relate to clinical 
complications [28], and when TM is exposed, the resulting inflam-
matory response has been demonstrated to be minimal [29]. How-
ever, after TM exposure, whether intentional or unintentional, sec-
ondary healing above the TM is unlikely, and mucosal deformity 
occurs. We hypothesized that the presence of an adjunctive CM 
over the TM might enhance mucosal healing; however, such an ef-
fect was not observed in the present study. Such findings suggest 
that if an overlaid CM layer is exposed, the subsequent exposure of 
TM may be inevitable.
The exposure rate of TM has been a major concern in previous 
studies [30-32]. The rate of reported TM exposure varies widely, 
with some studies demonstrating no exposure, but others finding 
an exposure rate of 80% [31,32]. Mucosal irritation from TM has 
been suggested to be a causal factor of the exposure [19], which 
can be aggravated in sites with poor-quality soft tissue [32]. The 
present study targeted postextraction sockets where soft tissue 
conditions might not be optimal for TM.
Weng et al. [15] demonstrated that bone formation under a TM 
was inferior to that under a combination of TM and an e-PTFE 
membrane. In histologic sections from the present study, a dense 
soft-tissue layer was found across the pores, and no mineralization 
was observed in that layer. This soft-tissue layer found under the 
TM has been labeled a “pseudoperiosteum” by some authors [21,33]. 
This term may connote the expectation that the layer has potential 
to form bone. Although the eventual function of this layer has yet 
to be fully discovered, the evidence for bone-forming potential ap-
pears weak thus far [22]. The role of the pseudoperiosteum may be 
the prevention of graft infection and resorption [32], such that its 
formation could protect the graft and aid secondary intention 
healing in the case of TM exposure [22,32,34]. The pseudoperioste-
um is suggested to take 2–6 weeks to form [34-36], so it is there-
fore important to not irritate the wound during the early healing 
period when a TM is used.
In this study the peri-implant gap was filled with blood coagu-
lum alone, without a bone substitute. Previous studies used TM to 
protect the underlying bone materials in unfavorable ridge defi-
ciencies [19,21,37,38]. Autogenous bone, and a combination of au-
togenous and bovine bone, could successfully function beneath the 
TM [19,21,37,38]. However, a consistent finding has been the for-
mation of a soft-tissue layer around the TM. The formation of a so-
called pseudoperiosteum under the TM thus seems to be inevitable 
during wound healing. In the present study, the gap between the 
buccal bone and the implant surface was less than 1 mm. Given the 
thickness of the pseudoperiosteum, providing sufficient space under 
the TM would secure the bone tissue from the pseudoperiosteum.
In conclusion, it was not possible to determine the effect of plac-
ing a CM over a stabilized TM in this study because of the high rate 
of TM exposure. The benefit from the placement of a collagen mem-
brane may be questionable with respect to improving mucosal heal-
ing and facilitating buccal bone preservation.
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